A brief survey is given of how motoneurons and motor units are used for the gradation of muscle force during motor behavior. Basic properties of motoneurons and muscle fibers, including major kinds of functional specialization along the axis of 'fast' vs. 'slow', are reviewed. The principles underlying the rate and recruitment gradation of force are described, stressing that the properties of motoneurons and muscle fibers are matched to automate important aspects of the gradation procedure. Recent investigations concerning synaptically evoked changes in the discharge properties of motoneurons receive special attention, including 'plateau' currents and, under appropriate conditions, self-sustained 'plateau' discharges.
INTRODUCTION
The deficient coordination of a clumsy child means, purely descriptively, that the child's body is not moving around in the most optimal manner. Reprint requests to: D. Kernell , Department of Medical Physiology, University of Groningen, PO Box 196, 9700 AD Groningen, The Netherlands; e-mail: dhkernell@hotmail.com Thus, the many muscles involved are not contracting at the most optimal force levels for the motor task. Most of this problem is likely to be caused by dysfunctions of 'high' brain mechanisms (for example, in neocortex, basal ganglia, cerebellum, brainstem). Nevertheless, motor programs and plans at these higher levels have, ultimately, to become shaped into motor behavior via commands to the final common path of the motor system: the motoneurons and the muscle fibers. Thus, whatever the characteristics of the motor behavior, whether clumsy or not, the motor output system is always involved. As a background for further discussions about the mechanisms of motor function and dysfunction, I give here a brief survey of how the output machinery is organized and how it works, at a cellular level and under normal conditions (for general reviews, see Burke, 1981; Henneman & Mendell, 1981; Kemell, 1992; Binder et al., 1996) .
WHAT IS CONTROLLED? STRUCTURAL ORGANIZATION OF MOTONEURONS AND MUSCLE FIBERS
Anatomists have enumerated and named several hundred 'muscles' in the body. In fact, from a functional point of view, the number of distinct force-producing units is even larger than it seems from textbooks because many of the anatomical 'muscles' consist of several different portions that exert their forces in different directions. A clear example of this is, for instance, the deltoid muscle at the shoulder joint. The force-generating cells within a muscle are the long and threadlike skeletal (C) (Hoffer et al., 1987) . Such groups may be localized within topographically different muscle portions, each containing fast as well as slow muscle unit types. Furthermore, this situation might occur also in cases for which contractions of these different muscle portions have very similar mechanical effectsfor example, long head of human biceps brachii (ter Haar Romeny et al., 1984), or cat's peroneus longus (Hensbergen & Kernell, 1992 (Granit et al., 1966; Kemell, 1969; Powers & Binder, 1995 , 2000 Hounsgaard, 1999; Heckman & Lee, 1999; Hultborn, 1999; cf. Schwindt & Crill, 1980) . This self-generated current adds to any synaptically or externally supplied excitation; thus, it will drastically change the rate gradation properties of the motoneuron. The self-generated persistent inward current ('plateau (Lee & Heckman, 1998 Eken, 1998; Gorassini et a|., 1999 ; human subjects, Kiehn & Eken, 1997; Gorassini et al., 1998; Collins et al., 2002) . The studies made so far give strong indications that motoneuronal plateau currents play a significant role in animal and human motor behavior under normal conditions, as well as, perhaps even more so, in cases of long-term spasticity following damage to the central nervous system (Bennett et al., 2001) . Possibly, plateau currents might contribute to the spontaneous motoneuronal activity often seen in patients after spinal cord injury (Zijdewind & Thomas, 2001 ).
In addition to the possible long-term effects on plateau-behavior in spasticity, various other kinds of chronic modifications of motoneurons are known, for example, changes in their activation and membrane properties following long-term alterations of motor activity, following changes of the innervation target, and so on (for further information and references, see Mendell et al., 1994; Munson et al., 1997; Wolpaw & Tennissen, 2001; Beaumont & Gardiner, 2002 In all motor behavior, the properties of the final common path of the motor system are important for defining how it should be run by neuron populations further upstream within the central nervous system. As I mentioned at the onset of this brief survey, a non-optimal function of such 'higher' mechanisms is probably responsible for most motor problems encountered by clumsy children. Are there any possibilities that the output system might, in itself, also be directly concerned in the production of 'clumsiness'? I do not, of course, know the answer to this question. Nevertheless, I would like to mention at least one hypothetical risk factor for further consideration. The short-term modifications of how motoneurons respond to synaptic activationfor example, as influenced by monoaminergic or other metabotropic synapsesmight, if badly integrated into the total motor program, conceivably lead to unpredictable variations in the forces produced by sets of activated muscles, thereby contributing to a production of 'clumsiness'. Whether such (or other) problems at the output actually exist in clumsy children is a question for further experimental research.
